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SUMMARY PAGE

THE PROBLEM

Before the construction of an extremely low frequency (ELF) submarine communi-
cations system it is essential to know the biological effects of the electric end mag-
netic flelds of such a system. This study was desigued to evaluate ELF fisld 4
effects on the growth and development of the rhesus monkey starting at 30 deys of
age. A previous study at this laboratory initiated with young adult rhesus monkeys
provided evidence that the ELF field-exposed males gained weight faster than control
males during adolescence. The current study was initiated with very young animals '
to provide maximum opportunity to study growth relative to sex, endocrine function !
and metabolic efects. This report provides an analysis of dental maturaticn relative
to ELF field exposure.

FINDINGS

In comparing the eruption times of the firct eight permanent teeth, no signifi-
, cant differences between study groups were evident, Teeth of the females consistently
'. erupted at a sligltly earlier age than the males. In comparing the exposed animals to
the control animals the data did not provide evidence that exposure affected develop-
ment of the permanent teeth. X

i RECOMMENDATIONS

‘ The intent of this interim report was to analyze available data for possible ELF
* exposure effects on the growth rate of the permanent teeth. 'rhe six-week examination
r intervals provided for the detuction of obvious abnormali*ies. However, a study
designed spedfically to assess subtle alterations in tooth rlevelopment and maturation

v would require more sophisticated methods of measurement and more frequent oxami- l
2 natons. |
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INTRODUCTION

The first ELF exposure study conducted at this laboratory involved chronic
exposure of rhesus monkeys to electric and magnetic fields over a three-year period.
The study was initiated with young, fera’ male and female animals that had reached
sexual maturity. ELF exposed males were found to gain weight at a significantly
faster rute than control animals. Subsequently, a second study was initiated with
30 day old animals to further validate previous results and define the mechanism
involved.

This interim report concerns the maturation of the psrmanent dentition in rhesus
monkeys. Information dealing with tooth development is an adjunct to the primary
emphasis of the study on endocarinology and somatic development. Partial data cur-
rently available provided eruption ages for the first four pairs of upper and lower
permanent teeth. The purpose of this report is to note any difference in the eruption
of permanent teeth between the group of animals exposed to ELF fields and the non-
exposed group of animals.
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For the purpose of analyzing the data the 60 animals were divided into four l
separate study groups. Thess groups were comprised of male a..d female, ELF exposed L
and unexposed animals. They are identified as (1) Control males, (2) Exposaed males, 5
(3) Control females, and (4) Exposed females, Twc variables were considered in the
analysis of the data; the sax of the animal and exposure to ELF.

Analysis for significant differences in the eruption ages of the eight permanent
teeth (Shown in Tables 3-10) was accomplished hy making the following comparisons
between study groups:

Ecvironmental (ELF) Influence

A. Control males vs. Exposed males
B. Control females vs. Exposed females
C. All control (male and female) vs. All exposed (male and femals)

Sex Influence

D. Control males vs. Control females
E. Exposed males vs. Exposed females i
F. Al males (control and exposed) vs, all females (control and exposed) .

Comparisons were analyzed statlsticaily using Student's t-test, The experi-

mental significance level was corrected for 48 multiple comparisons using the follow-
ing formula (4):

e = e o

ag = 1~ (1 -0 {)K where:

k = number of tests performed
oy = .05 level of significance
«g = corrected significance level

To achieve an overall significance level of .05, the culculated « g is .001,
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PROCEDURE

Sixty rhesus monkeys (Macaca mulatta) were introduced into the ELF project st
30 days of age. To accomplish this, each newborn animal and the nursing mother were
placed in the study when tha infant reached one month of aga. As in the first ELF
study, the monkeys were housed in non-conducting Plexiglas (R) chambers (2) . The
animale were added to the study over a period of about 9 months. At weaning time
nursing mothers were removed from the study and the young animals were housed in
pairs at six months of age. The juvenile animals were separated into individusa! cham-
bers as they reached 24 months of age. The sixty aniinals were avenly and randomly

divided into control and ELF exposure groups. Each group of 306 animals consisted of
17 males and 13 females,

As part of the routine physical examination of the 60 monkeys used in the study,
the eruption times of ths teeth were charted at six week intervals. The earliest date
that a tooth was first seen during a routine physical examination was indicated as its
eruption time. This included the sarliest time that any part of the tooth was seen cut-
ting through the gingival surface. No distinction was made betweeu eruption of the
right or left tooth of a pair, consequently only one eruption time for each upper or
lower pair of teeth was noted. The frequency of examination did not allow for accurate
idantificaetion of the initial eruption of deciduous teeth. However, the six-week exami-
nations did provide a reasonable evaluation for the eruption of the permanent dentition.
Other authors have reported the eruption of permanent dentition in rhesus monkeys on
the basis of one-tenth year increments (1,6). Yor the purpose of data analysis the
animals in this study are represented in one-tenth year incraments.

Because of the partial development of the permanent dentition at the time the
data in this report were accumulated (1 September 1982) , the sruption p=tterne of only
four tooth types werxe considered; first and second molars, and first and sacond incisors.
Each pair of teeth (left and right) are represented as follows:

Lower first molers . . . . . . M1
Upper first molars . . . . . . UM1
Lower second molars., . . . . LM2
Upper second molars. . . . . UM2
Lower first incisors . . . . . LI1
Upper first incisors . . . . . 16) §1
Lower second incisors . . . . LI2
Upper second indsors . . . . UI2

All of the teeth being considered here were not yet present in some animals
because of the eight month variation in age. Thir is reflected in the differences in

sample size (n) represented in ths data. The complete dentition of a mature male
rhesus monkey is represented in Figure 1.
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RESULTS AND DISCUSSION

Evaluation of the eruption iimes for deciduous teeth was not attempted because
of the examination interval. It has been suggested that weekly examinations are
necessary to accurately chart the development of deciduous teeth (5) . All 20 decid-

uous teeth (2 X g.%‘%‘.) emerge by 8.5 months of age. The sequence of emergence is

as follows: all incisors, approximately 2.5 months; all canines and first molars, 4.5
months; end all second molars by 8.5 months. It is approximately a year after the
emergence of all the deciduous teeth that the first permanent molars appear (3).

There is great variabili‘y in the eruption times of the permanent teeth between
animals as reported in the literature (3). It may take twice as long for the permanent
testh to appear in some animals compared with other animals that have fast eruptive
patterns. The first permanent molars appear at about 20 months of age and completion
of the permanent dentition occurs with eruption of the third molars by about 8.5 years

of age. The permanent dentition is comprised of 32 teeth (2 X %%%.) (Figure

1) . The approximate ages for the sequential eruption of the permanent teeth are as
follows: first molars, 2 years of age; first incisors, 2.5 years of age; second incisors,
3 years of age; second molars, 3.5 years; canines and premolars, 4 years; and third
molars by eight and one-half years (3). The third molars are reported to erupt later
in females than in males. Tooth development and wear are of little value in assessing
an animal's age beyond 7.5-8.5 years.

This report deals with animals of known age with a definite birth dats. At the
time the data in this report were compiled, the ages of the 60 animals ranged from 2.7
to 3.5 years with a meen age of 5.3 years and a standard deviation of + .2 years.

Table 1 contains general statistical data used for comparison between study
g-oups. These data are also represented as histograms in Figures 2-5 which show
the frequency distribution of eruption times for teeth considered in this study. The
irequency distribution for the mandibular ¢seth was superimposed over the maxillary

-histogram. This occurred because data first extracted from ths records were on the

mandibular teeth and they genarally preceded the eruption of the maxillary teeth.

Table 2 provides a comparison of tooth eruption data from this study -7ith tooth
emergence data from Hartman and Straus (3). The mean emergence values taken
from che literature were converted from months into tenths of a year analogous to the
ELF data. The ELF project animals appear to have an earlier eruption age, parti-
cularly for the molars. The average difference in mean eruption ages for the two
sets of data was about .35 years. This difference was probably dus to reporting
eruption aye versus smergence age. The ELF eruption data represents first penetra-
tion of the tooth through the gingival surface, whereas emergence data represents
complete exposuie of the crown above the gingival surface. Data from ths literature
reported in Table 2 is very limited. However, other more comprehensive data (8)
that were reported in graphic frequency distributions did not provide concise data
values which could be used.

Tables 3-10 provide a comparison between study groups for the eruption ages
of 'he first and sscond permanent incisors and the first and second per.nanent molars.
Lome of the specified teeth were not present in all animals due to the variation in age.
Consequently, the degrees of freedom in each table do not aiways equate to a total of
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60 animals. Two basic methods of compariscn were used in each of the eight. tables
to isolate thn possible effects of ELF exposure or sex. In each of the eight tables com-
parigons A, B, and C provide for the identification of possible envircnmental influence

(ELF exposure vs. control) and comparisons I, E, and F provide for the identification
of differences due to sex.

A consistent trend was noted in the mean sruption ages for each of the eight
teeth between male and femals animals (Tables 3-10). In each case the mean sruption

ages were slightly less for the female groups compared to the males as has been noted
in other mecaques (7).

No significant diffezences were found between study groups at the .001 level
which was the established criteria for the multple t-tests. Therefors, it does not
appear that an environmental effect due to ELF exposure influenced the eruption of
the permanent testh studied at this time. The age of eruption of these early permanent
teeth in the ZLF project animals is in gensral agreement with the age of emergence of
the same teeth in other studies rep~rted in the litsrature.
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Figure 1. Permanent dentition of a mature male
rhesus monkey .
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Table 1
Statistical Data on Control and Exposed ELF Monkey Tno.h
Eruption Times
STANDARD J
, CONTROL MALES N MEAN* RANGE VARIANCE DEVIATION b
q LM1 16 1.36 1,2-1.6 .01 12
LM2 11 2.99 2.7-8.2 .02 .14 |
LI1 17 2.58 2.1-3.0 .05 .23
] L12 . 15 2.72 2.4-3.0 .04 20
’ UM1 17 1.39 1.2-1.6 .02 .13
UM2 6 3.13 2.9-3.5 05 .23
¢ 16) 61 17 2,57 2.1-3.2 09 .29
U12 15 2.89 2.5-3.2 08 .24 :
EXPOSED MALES 1
LM1 17 1.32 1.2-1.5 .01 .10
LM2 14 2.96 2.8-3.2 .01 :
LI1 17 2.52 2.2-2.9 .04 .20
LI2 16 2.73 2.3-3.0 .04 .20
_______________________________________ 1
j UM1 17 1.44 1.2-2.3 .06 .25 |
UuM2 11 3.07 2.9-3.2 .01 .09 |
15)§!1 17 2.57 2.3-3.0 .05 .22 ‘
. UI2 15 2.87 2.4-3.2 .04 .20 !
CONTROL FEMALES 1
LM1 13 1.32 1.2-1.5 01 .09 '
LM2 12 2.98 2.8-3,2 .02 13
LI1 13 2,49 2.2+3.0 .05 21 ‘
LI2 13 2.65 2.3-3.1 .04 .20 |
% uM1 13 1.40 1.1-1.6 .02 13
: UM2 7 3.10 3.0-3.2 .01 10 <
i 15) 61 13 2,59 2.3-3.1 .08 .25
U12 13 2.81 2.4-3,2 .05 .23
EXPOSED FEMALES
LM1 12 1.30 1.2-1.5 .01 .09
, LM2 12 2.86 2.3-3.1 .06 22
. LI1 13 2.44 2.3-2.8 02 .15 ‘
LI2 13 2.60 2.2-2.9 04 .19 ‘
UM1 12 1.43 1.3-1.8 01 .09
UM2 g 3.04 2.9-5.2 01 .09 1
U1 13 2.45 2.3-2.9 02 .15 1
U2 13 2.71 2.5-3.2 03 .19 !

*Tooth eruption times in years.

1
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Table 2

Comparison of Tooth Eruption Times

ELF PROJECT ANIMALS DATA FROM HARTMAN & STRAUS (3) 1

TOOTH =~ N AGE OF ANIMAL IN YEARS* N AGE OF ANIMAL IN YEARS*
MEAN  MIN  MAX MEAN  MIN MAX
LM1 58 1.3 1.2 1.8 /] 1.7 1.5 2.0
UM1 59 1.4 1.1 2.3 9 1.6 1.6 2.0
LM2 49 2.9 2.3 3.2 5 3.5 3.2 4.3
UM2 33 3.1 2.9 3.5 5 3.5 3.3 4.0
LI1 60 2.5 2.1 3.0 8 2.8 2.3 3.0
U1 60 2.6 2.1 3.2 8 2.6 2.1 3.0
LI? 57 2.7 2.2 3.1 7 3.0 2.8 3.4
12 56 2.8 2.4 3.2 7 3.2 3.1 3.3

* Tooth eruptic: :.mes noted when first signs of tooth breaking the gum were seen.

**  Tooth eruption times notsd when tooth had clearly emergsd from the gum.
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Tuble 3

Comparison of Mean Eruption Times for LM1

U t d.f. prob .*
CONTROL MALES 1.36
EXPOSED MALES 1.32 1.0520 31 ns
CONTROL FEMALES 1.32
EXPOSED FEMALES 1.3¢ 0.4588 24 ns
ALL CONTROL 1.32
ALL EXPOSED 1.29 0.8801 58 ns
CONTROL MALES 1.36 08050 28 Y
CONTROL FEMALES 1.32
EXPOSED MALES 1,32
0.5131 2
EXPOSED FEMALES 1.30 7 ns
ALL MALES 1.34
ALL FEMALES 1.31 1.0949 56 ng
* a >,001
13
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Table 4

Comparison of Mean Eruption Times for UMI1

U t d.f. prob . * ’!
f LT i m s w
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Table 5
Comparison of Mean Eruption Times for LM?2 1
H t d.f. prob .* ij
i A CONTROL MALES 2.99
s ‘ 0.5425 23
L EXPOSED MALES 2.96 ns
§
‘_ B CONTROL FEMALES 2.98 . :
1.987 g
| EXPOSED FEMALES 2.8 9875 3 ns )
C ALL CONTROL 2.99
1.6344 47
ALL EXPOSED 2.92 ns
N
| D CONTROL MALES 2.98 .
. . 0.137
“ CONTROL FEMALES 2.98 5 21 ns
b
E EXPOSED MALES 2.96 ‘
EXPOSED FEMALES 2.86 1.8979 27 ns
F ALL MALES 2,96
.24
ALL FEMALES 2.92 1.2476 47 ns ,
|
{
* o 001
L |
!
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Table 8

Comparison of Mean Eruption Times for UM2

k t d.f. prob.*
CONTROL MALES 3.13
EXPCSEDMALES 3.07 ¢.7089 15 ns
CON'TROL FEMALES 3.10
EXPOSED FEMALES 5.04 1.1798 14 ne
ALL CONTROL 3.12
ALL EXPOSED 3.06 1.26894 31 ns
CONTROL MALES 3.13
CONTROL FEMALES 3 10 0.3550 11 ns
EXPOSED MALES 3.07
EXPOSED FEMALES 3.04 0.7034 18 ns
ALL MALES 3.09 0.5830 21 o
ALL FEMALES 3.07
*.001
16




Table 7

Comparison of Mean Eruption Times for LI1

N
g u t d.f. preb.*
A CONTROL MALES 2.58 "
EXPOSED MALES 2.52 0.7881 32 ns
B CONTROL FEMALES 2.49
EXPOSED FEMALES 2. 44 0.7519 24 ne
C ALL CONTROL 2.54
ALL EXPOSED 2.48 1.0758 58 ns
’ D CONTROL MALES 2.58 |
CONTROL FEMALES 2.49 1.0216 32 ns \
E EXPOSED MALES 2.52
EXPOSED FEMALES 2. 44 1.1866 28 ns
4
F  ALL MALES 2.55 |
ALL FEMALES 2.47 1.5530 58 ns |
!
* o -,001 i
!
|
|
{
i
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|
|
|
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Table 8

Comparison of Mean Eruption Times for Ull

H t d.f. prob ,*
CONTROL MALES 2.57
EXPOSED MALES pid 0.0651 32 ns
CONTROL FEMALES 2.59
EXPOSED FEMALES 2.45 1.6099 24 ns
ALL CONTROL 2.58
ALL EXPOSED 2.52 0.8778 58 ns
CONTROI, MALES 2.57
CONTROL FEMALES 2,59 0.1386 28 ne
EXPOSED MALES 2.57
EXPOSED FEMALES 2.45 1.5384 28 ns
ALL MALES 4. 57
ALL FEMALES 2.52 0.7797 58 ns
..001
18
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Tablse §

Comparison of Mean Eruption Times for LI2

H t d.f. prob V&
CONTROL MALES 2.72
EXPCSED MALES 2.73 0.0681 29 ns
CONTROL FEMALES 2.65
EXPOSED FEMALES 2.60 0.6103 24 ns
ALL CONTROL 2.68
ALL EXPOSED 2.67 0.3148 55 ne
CONTROL MALES 2.72
CONTROL FEMALES 2.65 0.9761 26 ns
EXPOSED MALES 2.73
EXPOSED FEMALES 2.60 1.7140 27 ns
ALL MALES 2.72
ALL FEMALES 2.62 1.9239 55 ns
N lool
19
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Table 10

Comparison of Mean Eruption Times for UI2

u t d.f. prob.*
% EXPOSED MALES 287 0.1690 28 as
B CONTROL FEMALES 2.81 1 2376 2 -
EXPOSED FEMALES 2.71
® AL KXPOSED 280 0.0207 54 ns
®  CONTROL FEMALES 201 0.0025 28 ns
" EXPUSED FEMALES 271 2.0007 28 ns
" ALL FEMALES g 2.1691 54 ns
* o > ,001
20
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'findings and determine the underlying mechanisms involved. As in the flrst study |
30 primates (male and femals)} were exposed to the ELF electric and magnetic fislds, ‘
and 30 control animals received the same care and treatment, but were not exposed. 5 4
This report deals with the development of thn permanent teeth relative to ELF 1o
exposure and sex. A consistent trend noted was that the teeth of female animals
erupted at a slightly earlier age than males. However, no signifinant differences
due to ELF exposure or sex were Getscted. .
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